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Abstract 
Based on the 3-D tunnel model, the influence of ventilation tube rupture, its locations and the draught fan stopping 
working on second catastrophes has been investigated when fires happen. The results show that when the ventilation 
tube ruptured, “the second vortex” appears and the gas concentration shows “up-down” –“left-right”-uniform 
distribution from the tunnel end to the outlet. When the tube broken position is larger than 30 m, the volume where 
the gas concentration is between 5%~16% increases first and then decreases as the fire intensity increases and it 
reaches to its maximum value when the fire intensity equals to 400 kW. But due to low temperature, this will not 
induce to gas explosion. The coal gas and smoke show an evident layered distribution and concentration on the tunnel 
roof after the fan shut down. When fire intensity is 1200 kW, gas explosion will not happen but the secondary 
catastrophes will appear when the fire intensity is further increased.  
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1. Introduction 
There are quite a lot of types of ventilation tube for air supply in coalmine tunnels. Basically, it can 
be classified into two different types which are rigid and flexible by the mechanical properties of 
materials[1]. In modern coal mine, the flexible ventilation tube was used widely. Unfortunately, although 
the ventilation tube made by non-combustible PVC materials were used in large scale mine, it can be 
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destroyed when big fires happened[2]. Moreover, in small coal mines, they still use the combustible 
ventilation tube.  The ventilation tube is an essential equipment in tunnels, and its rupture and the position 
of tube rupture may have serious impact on the air and methane mixing process. Furthermore, it may 
induce to secondary catastrophes such as gas explosion. At present, many researches were focusing on the 
fire itself[3-9] and only few ones were to investigate the influence of fires on ventilation equipments. In 
addition , when put out fires in coal mine, reducing and cut the air supply to fire region was prohibited in 
some national regulations and standards and this have been recognized and agreed by many other 
countries[10]. There have been some researchers studying on the influence of draught fan failure on the 
coal gas distribution in tunnels, but those researches were set without other mine disasters. Up to now, the 
impact of draught fan failure on secondary catastrophes like gas explosion when fires happen is still 
unclear, so it is quite necessary to study on this case. 
Mathematical simulation method was adopted to investigate the influence of ventilation tube rupture 
and rupture position on secondary catastrophes like gas explosion. And, the impact of draught fan failure 
after ventilation tube rupture on gas explosion was also studied in this paper. 
2. Physical and mathematical model 
The physical model as shown in Fig.1 was established based on the real coal mine tunnel. The tunnel 
was 100 m long and the dimension of the rectangular cross section was 2.5 m×1.8 m. The dimension of 
the ventilation tube was 0.4 m×0.4 m, and when the tubewas in normal condition, the distance between 
the outlet and the tunnel end was 4 m. The fire was set as a cubic volume and the length is 2 m, and the 
height was set to be 1.8 m[12,13].
         When developed the mathematical model, some assumptions were made. The tunnel wall was 
supposed to be adiabatic and the fire was simplified as a steady volume releasing heat[10]. The standard 
κ-εmodel was used to simulate the turbulent flow process. In addition, when fire happened, the density 
of the heated air flow would change, so the influence of gravity on flow process was considered in the 
simulation. The boundaries of the model were set as follows: the air inlet was set as a draught fan and the 
outlet of the tunnel was set as a pressure outlet and the coal gas from the tunnel end was released at a 
constant flow rate. 
        The initial flow rate of coal gas released from the tunnel end was set to be 1 m3/min, and the initial 
relative pressure of the ventilation tube inlet was set to be 593 Pa. The distance between the ventilation 
tube rupture position and the tunnel end was set to be 30 m (x=30), 50 m (x=50), 70 m (x=70), 90 m 
(x=90) respectively and because the tube was destroyed by fires, so the fire as shown in Fig.1 was 
supposed to be under the position of ventilation tube rupture. Based on the model above, the influence of 
ventilation tube rupture position on the distribution of coal gas and temperature in tunnels and on the 
secondary catastrophes was investigated when the fire intensity was 0, 200, 400, 600, 800, 1000, 1200 
kW respectively. 
Fig.1 Tunnel model 
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3. Results and analysis 
3.1 Influence of ventilation tube rupture on gas distribution 
         Figure 3 shows the coal gas distribution on several typical positions under different fire intensities. 
When the ventilation tube was destroyed by fire, the flow resistance changed. Because the air supply in 
tunnels was depending on the draught fan, the air flow rate in the ventilation tube would also change. 
Meantime, due to the throttling and buoyancy effect, the fire itself would change the air flow rate. All 
those factors above would induce to the change of coal gas distribution. In addition, when the ventilation 
tube ruptured at a certain position, the second vortex as shown in Fig.2 occurred near the tunnel end and 
greatly changed the coal gas distribution in that region. When analyzing the coal gas distribution in the 
whole tunnel, it can be found that from the tunnel end to the outlet, the gas concentration shows a “up-
down”-“left-right”-“uniform” pattern. In the “up-down” distribution region, the appearance of the second 
vortex is the critical factor to decide whether the gas concentration is higher on the top or the bottom area 
of the tunnel. When the second vortex appeared near the tunnel end, the gas concentration on the top area 
of tunnel was much higher than that on the bottom. When the second vortex did not exist, the gas 
distribution changed to the opposite. 
Fig.2 velocity distribution in the tunnel ahead of fire location on surface z=0.2 m 
fire intensity of 200 kW without the second vortex 
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fire intensity of 1000 kW with the second vortex 
Fig.3 Gas distribution in the tunnel at ventilation tube rupture location x=70 m 
From Fig.3, it can be found that when the ventilation tube ruptured, the coal gas accumulated in the 
tunnel, but the coal gas with a higher concentration was mainly in the region between the tunnel end and 
the fire. According to some relative references[14], the methane explosion limits will become wider as the 
methane temperature increasing. However, in this research, the temperature in the region between the 
tunnel end and the fire was all below 500 K, so the gas explosion limits was still set to be 5%~16%. In 
order to analyze the distribution of gas with a concentration between 5%~16%, the authors firstly defined 
this part of gas as “dangerous gas”, and the volume of the “dangerous gas” as shown in Fig.4 was then 
calculated.
Fig. 4 The total volume of gas concentration between 5% and 16% 
It can be found that, as shown in Fig.4, when the distance between the rupture location and the 
tunnel end was bigger than 30 m, the “dangerous gas” accumulated in the region between the fire and the 
tunnel end. The volume of the “dangerous gas” gradually increased as the distance between the rupture 
location and the tunnel end increasing at each fire intensity, so the possibility of the secondary 
catastrophes like gas explosion enhanced as well. In addition, for each rupture location, the volume of the 
“dangerous gas” changed variously as the fire intensity increasing. When at the rupture position x=30, the 
second vortex did not occur when the fire intensity is 0, and the volume of the “dangerous gas” decreased 
as the fire intensity increasing. It can be explained that the fire may cause an acceleration effect on the air 
flow from the ventilation tube outlet, and more fresh air can reach the tunnel end to better dilute the coal 
gas. When at the rupture position x≥50, the second vortex occurred when the fire intensity is 0, and the 
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volume of the “dangerous gas” increased firstly and decreased then as the fire intensity increasing, and 
the volume got it maximum value when the fire intensity is 400 kW. The reasons may be as follows: as 
defined before, the “dangerous gas” meant the gas concentration was between 5% and 16%. When the 
fire intensity is 0 and the second vortex occurred in the tunnel, high concentration gas accumulated in the 
former part of the tunnel and the gas with a concentration more than 16% occupied a large volume, so 
when the fire intensity increased and more fresh air reached the former part of the tunnel, the gas with a 
concentration more than 16% was diluted and made the volume of the “dangerous gas” larger. But with 
the fire intensity increased further, much more fresh air reached the former part of the tunnel and the gas 
was diluted to a lower concentration, so the volume of the “dangerous gas” decreased then. Based on the 
analysis above, it can be found that when the fire happened in the tunnel, there should be a certain fire 
intensity making the volume of the “dangerous gas” reach a maximum value and the possibility of the 
secondary catastrophes like gas explosion reach a highest value. In the research, the certain fire intensity 
is 400 kW. 
3.2 Influence of ventilation tube rupture on temperature distribution 
 As presented above, the fire located just under the ventilation tube outlet. The air flow was heated 
by the fire and the temperature increased, so the temperature in the former part of the tunnel increased as 
well. When the fire intensity is 1000 kW at different rupture locations, the temperature distribution in the 
tunnel was shown in Fig.5. 
X=50 
X=90 
Fig.5 Temperature distributions at different ventilation tube rapture locations 
          It can be seen from Fig.5 that for different rupture position, the scale with high temperature is quite 
large in the former part of the tunnel, but the detailed temperature distribution is various. When the fire 
intensity is 1000 kW and at the rupture position x=50, the second vortex did not occur and the 
temperature is quite higher on the roof than that in the bottom. When the fire intensity is 1000 kW and at 
the rupture position x=90, the second vortex occurred and the temperature is higher in the bottom than 
that on the roof. Based on the analysis above, it can be found that the second vortex is also a critical factor 
to the temperature distribution in the tunnel. 
3.3 Influence of ventilation tube rupture on secondary catastrophes  
          From Fig.3 and Fig.5, it can be found that the temperature distribution is contrary to the gas 
distribution. The region with a higher gas concentration had a lower temperature. If the temperature of a 
region is high, the gas concentration is low. In order to detailedly investigate the possibility of secondary 
catastrophes like gas explosion, the volume where gas explosion (gas concentration: 5%~16%; 
temperature: more than 923 K[16])may happen were calculated and the results were shown in Table 1. 
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Table 1 The volume of areas according with gas explosion conditions 
0 kW 200 kW 400 kW 600 kW 800 kW 1000 kW 1200 kW 
x=30 m 0 0 0 0 0 0 0
x=50 m 0 0 0 0 0 0 0
x=70 m 0 0 0 0 0 0 0
x=90 m 0 0 0 0 0 0 0
        Based on the results, it can be concluded that although a large amount of “dangerous gas” 
accumulated in the former part of the tunnel and the temperature became higher after the ventilation tube 
ruptured, the fire itself would not induce to gas explosion without other ignition sources. 
3.4 Influence of fan failure after ventilation tube ruptured on secondary catastrophes 
        When the ventilation tube was destroyed by fires, a large scale of high concentration gas 
accumulated in the tunnel. When the draught fan failure happened or shut down, maybe it can control the 
fire to spread, but the temperature of the wall was quite high. The gas would stay in the tunnel and the 
oxygen concentration was high enough, so the secondary catastrophes like gas explosion were likely to 
happen. 
         In order to estimate the effect of fan failure on secondary catastrophes, simulations have been 
carried out. Based on the simulation results when the fire intensity is 800 kW and the distance between 
the tunnel end and rupture location is 70 m, after the pressure and velocity field and other boundary 
conditions were adjusted, the influence of fan failure on temperature and gas concentration distribution 
was then simulated unsteadily. The time interval was chosen as 1s. 
0s
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Fig.6 The temperature and gas distribution in the tunnel after the draught fan stopping working 














Fig.7 variation of temperature on the tunnel roof after the draught fan stopping working 
        When the draught fan failed, the temperature and gas distribution at different time were shown in 
Fig.6 and Fig.7. After the fan failure, the temperature decreased gradually and showed an evident layered 
distribution in the tunnel (as shown in Fig.6). Moreover, when compared the temperature distribution at 
different time, the location with the highest temperature moved to the tunnel end. The reason resulting in 
this phenomenon can be as follows: although after the fan failure and the fire was put out, the temperature 
around the fire position was still quite high, so convection occurred around the fire location and the cooler 
air on the bottom was heated and flowed to the former part. However, its temperature was not high 
enough and even lower than that in the former part of the tunnel, so the temperature in the region near the 
fire location decreased. In addition, the coal gas with low temperature was still releasing from the tunnel 
end, so the temperature in the region near the tunnel end decreased. Therefore, between the two regions, a 
temperature peak would appear. When the draught fan failure happened, the coal gas diffused from the 
former part to the whole tunnel and an evident layered distribution showed at 199s. By comparing the 
temperature and gas distribution at different time, it can be found that both the temperature and the gas 
concentration were quite high, so the secondary catastrophes like gas explosion may happen. 
        When further analyzing Fig.6, it can be found that it is most dangerous in the region neat the tunnel 
roof because of high gas concentration and temperature. Therefore, in order to evaluate the possibility of 
the gas explosion near the roof, a typical line(z=1.25 m, y=1.6 m) was chosen and the gas concentration 
and temperature distribution along this line were shown in Fig.8. 
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Fig.8 Temperature and gas distribution near the tunnel roof (z=1.25 m, y=1.6 m) 
       According to the results presented in Fig.8, it is evident that as the time went on, the gas 
concentration in the whole tunnel increased but the temperature decreased. Moreover, at each time point, 
the gas concentration and temperature distribution seemed to be contrary and could not satisfy the gas 
explosion conditions simultaneously. However, as it can be seen in the right figure in Fig.8, at 199s, the 
coal gas with high concentration which is close to the explosion limits almost occupied the whole tunnel. 
Therefore, when the ventilation tube was destroyed, the fan failure would cause serious consequences and 
the secondary catastrophes like gas explosion in the whole tunnel. 
        Based on the analysis above, it can be concluded that when the ventilation tube ruptured but the 
draught fan was still in operation, the fire intensity had limited effects on the secondary catastrophes. 
Whether the draught fan failed or not is the critical factor to the secondary catastrophes. Therefore, in real 
mining situation, if fires happen in tunnels, keeping supplying air is necessary. 
4. Conclusion 
        1) For different rupture locations and fire intensities, the gas distribution in the tunnel showed a “up-
down”-“left -right”-“uniform” pattern. The second vortex is the critical factor to decide whether the gas 
concentration is higher near the roof or near the bottom. 
        2) When the ventilation tube ruptured, a large amount of “dangerous gas” accumulated in the former 
part of the tunnel and its volume increased firstly and then decreased as the fire intensity increased. For 
each rupture location, there should be a fire intensity making the possibility of secondary catastrophes 
like gas explosion highest. 
        3) When the ventilation tube ruptured and fan failed, the coal gas and the temperature showed an 
evident layered distribution. The coal gas with high concentration which is close to the explosion limits 
almost occupied the whole tunnel, and the secondary catastrophes like the gas explosion had a higher 
possibility to happen. 
4) When the ventilation tube ruptured, whether the draught fan failed or not is the critical factor to 
the secondary catastrophes.  
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